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RESEARCH MEMORANDUM 

INVESTIGATION O F  EXTENSIBLE WING-TIP AILERONS ON AN 

UNTAPERED SEMISPAN WING AT Oo AND 45' SWEEPBACK 

By John R. Ragerman and William M. O'Hare 

Langley Aeronautical  Laboratory 
Langley Air Force  Base, Va. 
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A 1ar"epeed wind--tUnnel inveatigatian was made t o  determine the 

. ,  untapered saniSpan having two configurations; m e  configuration 
later& c m t r o l  characteristics of extensible  winetip  ailerons on an 

m6 .unswept and ha;d an aspect r a t i o  of 3.13 and the other canfig"ati0n 
was swept back 45O and had an  aspect r a t i o  of 1.59. Three plan forms 
of extensible  ailerane were investigated on each Wfng configuration at 

 various amounts- of extension and deflection  relative t o  the w ' w h o r d  
plane. Also, wing aerodynamic chaxacteristics were determined f o r  the 
two plain-wing  configurations. 

The reaults  indicate that auffhcient  aileron  effectiveness was 
generally  obtained at moderate and high lift coefficients  with the 
extensible aflerons investigated. However, the  control  -effectivenese 
at low lift coeffioients appears t o  be inadequate f o r  satisfactory - 

applicatim to an a m l a n e .  It is thought that the extensible ailerons 
may be sufficiently  effective for some tspes of missiles. 

Y a m  moments produced by the  exteneible  ailerma  investigated 
were coqaP.&ble t o  those produced by cormentianal f7aptyye a i lerm.  

m e  National ~ d v g s o r y  G e t t e e  f d r  Aeronautic8 .is currently 
investigatfng  the  lateral-cmtrol problem associated with transcmic 
and supersonic wing c m f i m t i o n e .  Because convantianal f l ap type  
ailerons do not alwaga provide adequate lateral cmtroL  throughout 
the speed range, particularly above the wing c r i t i ca l  speed, other 
lateral-cmtrol devioes am3 being Inirestigated. Ammg the lateral-  

- cantrol devfces 
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These a i l e rms  c89 be uti l ized in vmioue ways - such as, by extending 
the a i l e r m  at a given deflectian fram one wing t ip ,  o r  extension and 
deflectiun of one aileron on one wing t ip .  One of the important advan- . 
t a m s   t o  be derived fram the use of these ailerans is &t they would 
a l l o w  use of full-spsn hi&-lift   f laps  to  al leviate sanewhat the problem 
presented. by the excessive speeda. required for take-off ssd encountered 
i n  landing of airplanes ham high wlng loadings. Another adventage 
gained frm the use of ext-ible wine t ip  ailerons is the reduction of 
the problem concerning large operating forces at high speede associated 
with f l ap type  ailerons. 

Very little aeroaynamic data pertaining to extensible -tip 
ailerons. are. available. E m e r ,  reference 1 reports a larrrpeed 
investiGticm of this type of a i l e r m  on a rect- wfng of higher 
a q e c t  r a t i o  than that used in the present investi@tion and shows +that 
roll ing mament increases approximately linearly with aileron extension 
and &LBO increases with increase in wing lift coefficient. 

The present lowLBpeed investi@ation, perfdrmed fn the 
Langley 300 MPH 7- by 10-foot tunnel, W E ~ B  fmde t o  determine if adequate 
afleron effectivenee's a t  low lift coefficients could be obtained f o r  
extensible  winetip aileranrr without resorting t o  simultaneous edension 
and deflection of the aileron. Two untapered highweed Xing configu- 
ratione -re us&: one wing configuration was unmept and had ~ t z l  aspect 
r a t i o  of 3.13; t h e  other configuration, obtained by sweeping the unswept 
wing about the 5C%percent r o o h h m d  statim, was swept back 45' and had 
tp aspect r a t i o  of 1.59. A lar-hord para,llelogra;m aileron, a tri- 
aagulm aileron, and a ahort-chord p a l l e l o g r a r a  aileron were tested at 
various amounts of extenaim and. deflection with respect to each wing 
ccmfignatian throua a large asgle-of-attack range. 

The forces and moments measured on the two wing ccmfigurations axe 
preeented  about the wind axes, which, for the c m d i t i m  of these t e s t s  
(zero yaw),  correepond t o  the  s tabi l i ty  ax8~1.  The X d s  is in the 
plase of -try of each model configuration and is w e 1  t o  the 
tunnel air flpw. The is in the plane of mtrg of each model 
cmfiguration and f ~ .  perpendicular to the X 4 s .  The Y-is is =tu- 
ally perpendicularr totthe X - a x i s  a d  !&axis. The three m e a  intersect 
i n  t he  plane of apmetry at the quarter chord of the mean aerodynamic 
chord of each configuration (figs. 1 and 2). 
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t w i c e  drag of semispas model, pounds 

rol l ing mament about X 4 a  due to one ailercm extended asd 
deflected, f o o ~ o u n d . ~  

l o c a l  witng chord 

Xing mag aerodynamic chord, 2 -48 f ee t  f o r  unswept wfng 
configuration and 3.52 feet  for Bweptbsck wing conf'igu- 
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Y lateral distanc,e Froxu plane of symmetrg, feet  - 
4 

S twice  area of semirrpan model, 19.16 square fee t   for  unswept 
w i n g  configura,tion and 19.9 square fee t  for Bweptback 
King configuratian 

sa aileron  area, aquare fee t  (see table I) 

b twice spari of sdspan model, 7.75 feet   for  unswept wing 
configuration and 5.55 fee t  f o r  Bweptback wing 
configuration 

ba aileron span, fee t  (see table r) 
9 free-stream -c pressure, p o ~ n d e  per squme f o o t  

v free-stream  velocity,  feet  per aecond 

P mass density of air, slugs per cubic foo t  

a .  asgle of attack  with  respect t o  wing-chord plane, degrees 

Ea aileron  deflection  relative t o  -hard plane (posittve 
when t ra i l ing  e- is down), degrees 

L 

R Reynolds nmiber 

M Mach nlLniber (T/a) . .  

a sped  of sound, 

I 
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. 'The. l i f t ,  drag, and p i t c h i ~ o m n t ~ o e f f i c i e n t  data presented 
herein axe for a complete-wing model, and the lateral-control data 
represent the aerodpamlc moments on a complete wing as  a result  of 
extending the aileron on one semispran  wing of a cnmplete-wlng model. 

Jet-born- (induced upwash) correctform were applied t o  the 
asngle-of-attack and drag values as outlined in reference 2. Blockage 
corrections were applied t o  the t e s t  data by the methods of reference 3. 

' Reflection-plarne cowectlom mre not  applied t o  rollin t 
and yawin-nt coefpicients because available correction E d  
not apply t o  the  configurations of this investigation. However, by . 
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extrapol-ation of h t a  given in reference 4, it is estfmated that the 
values of rollin-t coefficient obtained -re approximately 
10 percent  too hi@ for both wings. -Also, it is thought 'that the 
yam moments, if corrected, would be more adverse than the data show. 

. .  

The two configurations of the semfspan-g model were mounted 
vertically Fn the Langley 300 M€B 7- by lO4oot  tunnel  as  illustrated 
fn figure 3. The root chord of the model (for each canfiguratim) WBB 
adjacent to  the  ceil ing,  t he  ceiling serving 88 a reflection plane. A 
sinall clearance between the model and ceilfng prevented ceflfng hkn- 
ference of measurements of all forces and maments acting on the model. 
A fa i r ing   s t r ip  was attached t o  the  root of the model t o  deflect air ' 

that flows i n t o  the  tuanel through the clearance hole between the model 
and the  tunnel c e i l a ,  thus reducing the effect of the downflow on the 
r e g u l a  flow over the model. 

Both configurations-of the s@nis@1+3ng model were untapered, had 
no twist or dihedral, n a n d  had NACA 64A010 a i r f o i l  Bections normal t o  t he  
leading edge. Cne configuration was m e p t  and 4ad ai aspect r a t io  I 

of 3.13; the other  configuration,.  obtained by m e p i n g  t h e  unawept wing 
about the g&percent root-chord sk&.€ian, waa mept back 45O an$ had an 
asgect r a t io  of 1.59. D i m e n s i o n s  of the two plan forms are  given in 
figures 1 and 2. The model w88 equipped with full-spn flaps which  were 
locked at zero deflection dm3ng t h e  present investigatfon. The exten- 
sible  ailerons  (figs. 1 and 2) consisted of a parue logram and a tri- 
angulaz aileron wfth similar root chords (0.623) a d  a p m e l o g r a m  
aileron' with a chord of 0.156~ and h;Lving an area about 88 

large as the other tK0 ailerons. The t r a i l i n m g e  sweep angle of each 
aileron was the same a s  the sweep angle of the corresponding e con- 
figuration (ffgs. I and 2).  The flat-phte ty-pe of ailerons ,=E; 

constructed of 2 -inch sheet dural and had rounded leading edges and 12' 
beveled trailing edges along the entire span of each aileron. Table I* 
presents t he  geometric c m c t e r i s t i c s  of the extensible -tip 
ailerone. - 
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Vmious extensians of each aileron were attached t o  the &g t i p  
at the desired deflections w i t h  respect t o  the win-& plane wfth 
the  brackets enclosed in a -tip fairing. The aflerons were 
deflected about a spaswise axis that passed throu& the 5Ckpercent tip- 
chord station on each wilng configuration  except for several  testa 
'performed with the ahor+chord aileron  deflected about a spanwise axis 
that passed through the 0.267 t imhord  station on the unmepk wing 

I 

I 

I 

I 

I 



configuration (figs. 1 and 2). The aileron  deflections were limited t o  
a range that would enable the  ailerons t o  remain within  the wing contour 
when retracted at the given deflection. 

Idft  t e s t s  were &e through the  angle-of-attack range from -6' t o  
staU for the unswept and mptback plain+dng configurations at M&h 
numbers of 0.19, 0.27, and 0.37. O n  the .mawept wing, these Mach 
numbers correspond t o  Reynolds nunibera of 3.2 X 106, 4.5 x 106, 
and 6.1 x 106 based on a mean aerodynamic chord of 2.48 feet; wbereas, 
on the 45O sweptback wing, these Mach numbere correspmd t o  Reynolds 
numbers of 4.5 X 106, 6.3 X 106, and 8.6 X 106 based on a mean aer+ 
dynamic chord of 3.52 feet .  

Lateral-control data were obtained on the w e p t  a d  meptback 
w i n g  c o n f i w t i a n s  throuepl the e e - o f - a t t a c k  ran@ frm -6O t o  stall 
at  an average dynamic pressure of approximately.51 pounds per squaze 
foot ,  which corresponds t o  a Mach  num33er of 0.19. Aileron data were 
obtained fo r  various combfnatiane of aileron  deflection and extension 
f o r  each. of t h e  three  ailerons on each of the two wing configurations. 

Plain-wing Aerodynamic Cha3.acteri~tics 

The lift, drag, and pitc-nt characteristics of the unswept 
and 45O sweptback p l a i n 4 n g . c o n f i g i o n s  are  shown in  figures 4 and 5, 
respectively. 

Unewept wing.- A s  Mach nmber and Reynolds nuaiber were increased, 
there was a slight  increase in  C h  and a negligible change i n  drag 

and pitching-mmnt  characteritrtics of the u n m p t  wing for values 
of CL below about 0.7 (fig. 4). The aerodynamic center of the unawept 
w i n g  was about 4 perceni mean aerodynamic chord ahead of the E/k over 
most of the  asgle-of-attack range; hawever, the win@; had a stable 5tdl 
region, a characteristic us- exhibited by low-atrpect-ratio  unmept 
wings. 

- -. 

The experimental. value of Q of 0.055 meamred f o r  M = 0.19 
i s  in excellent agreement with t h e  value of 0.055 camputed by the 
empirical meth* recamended in reference 5 but is lower than the 
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value of 0.059 computed by the t h e o r a t i p l  method of reference 6 (wing 
a d u e  of 0.1075 f o r  section  LEt+xrve elope (reference 7)) .  

The lift curves for  M = 0.19 m d  M = 0.27 indicate BZL increase 
in & w i t h  821 increase in Mach number and Reynolds ndber;  how-mer, 
a n  adverse  comgressibility  effect a t  high l i f t  coefficients, a c c m  
panied by a decrease In &, can be noted f o r  H = 0.37. Thee 
effects  correlate wen w i t h  data fpm references 7 a d  8 pertaining 
t o  Reynolds number and Mach n W e r  effects.. 

' 45' sweptback wing.- For the 45O sweptback w i n g  cmfiguration, 
C k  increased very slightly and the drag and p i t c h i n v n t  charac- 
t e r i s t i c s  changed negligibly as Mach  number and Reynolds number  were 
increased (f ig .  5). The pitchingincrment data for the mptback wing 
indicate that the aerodymmic canter WBB about 5 percant mean aerc- 
dynamic chord ahead of the F / 4  at low lift Coefficients; harever, 
at  higher lift coefficients and 3ihrougb the stall region the wing -8 
stable. 

. The experimental value of C& obtained on the Bweptback &ng at 
M = 0.19 is 0.036. This d u e  cmrparee very well w i t h  similar .values 
of OLC, of 0.037 comguted by the  theoretical method of reference 6 

I 

(which accounts for sweep angle) and by the  empirical method  recommended 
i n  reference 5 (which coneldere aspect ra t io  as the only variable). 
This w e e m a n t  between the estimated and measured values of CL tends 
t o  substantiata  the  point made in reference 6 that e-mep angle has 
l i t t l e   e f f e c t  on for win@;s of low aspect ratio. 

I 

The lift data f o r  M = 0.37 were not obtained a t   l i f t  coefficients 
high enou& t o  observe any cmgreasibility  effect 60 that noted 
on the w e p t  wing configuratim. Eoxever, the lift curves for M = 0.19 
and M = 0.27 show a nemglble change in CL,,,~ with increase. in Mach 
nuuiber and Reynolds nrmiber,, possiblg- lndicating the onset of adveree 

effects, o r  l i t t l e   e f f e c t  of R e p o l d B  nrrmbers of 4.5 x lo6 

.. Comparison of the upswept and Bweptback plain+% conf'iguration6.- 
Ccmrpasison of the plain- aerodynamic data for the m p t  and swept- 
back configurations show8 that the results vary with aspect ra t io  and. 
sweep angle as m d  be predicted by theory. The- value of Dr, was 
higher f o r  the unswept configuration, prlmaxily because of the-higher 
aspect r a t i o  of the uz1swBpt wing (,reference 6).  A Mger value of 



was obtained on the  mptback  configuratian than on the unswept configu- 
ration, an effect which has been found previously in other investi- 
gatinns ( for  e h p l e ,  reference 9 ) .  

Drag coefficients o f - W e  sweptback wing mre generally lmger  than 
those of t h e  unswept wing, especially at large l i f t  coefficiemts. Cal- 
culations  indicate that this  i s  accounted f o r  mostly by the lower aspect 
ra t io  and the consequent larger values of induced drag of the sweptback 
w i n g .  The mgtximum 1if"drag  ra t io  (which occurred a t  CL 8 0.2) was 
about 16 a d  12 f o r  the unswept and mptback wing conf'igurations, 
respectively. 

' The aeroaynamic center waa ahead of the F/4---approximatelg the 
882118 amount in percent mean aerodynmdc chord at zero l i f t  coefficient 
f o r  bo th  Xing configurations. Both wing configurations  exhibited  stable 
e t a l l  characterietics; however, the unf3wept w i n g  had a more nearly 
l i n e =   m i a t i o n  o f -  - --% with a. 

Ia te ra l  Control Characteristics 

The r o l l w n t  and yawing+noment coefficients obtained for 
several extensions and deglectione of the various plan forms of exten- 
sible wing-tip ailerans on the m e p t  wing configuration m e  ahown in 
figures 6 t o  ll, and similaz data obtained on the  mptback w i n g  
configuratdm m e  shown in  figures 12 t o  17. As previously  discussed 
under the  section  entitled "Corrections," the roll-mnt and yadng- 
moment data prcesented in these figures m e  uncorrected f o r  reflection- 
plane effects. 

UnrJKept wing configumtim.- The r0ll-t coefficients 
generally  increased with increase i n  a for all aileron  deflections 
and extensions on the u n m p t  wing configuration. 

The rollin-t data indicate a reversal of direction of r o l l  
at some negative angles of .  attack, a highly  undesirable  condition f o r  
fnverted flight and some m&neuvers. Utilizing  greater  aileron deflec- 
tiona than those used in this  inveatigation would probably relieve  the 
undeBirable cmdition someuhat since reversal of r o l l l n g  moment occurs 
at larger negative angles of attack w i t h  incremed  aileron  deflections. 

Deflecting  the large-hord Etnd triangular aileron8 caused f a i r ly  
lineas increases in roll ing moment f o r  the  deflection=rasge  tested 
(figs. 6 and 8) . For the short-chord a i l e r a ,  no appreciable  increase 
in  r o l l i n g  moment was gained by deflecting  the  aileron beyond 4O at 
positive angles of &ttack,  probabu becauee of early s e w a t i o n  over 
the aileron which w'aa accentuated  with  increased  deflecltion. However, 
the  rolling moment produced by the ahort-chord aileron continued t o  - 
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P increase with increashg a evcm at the large aileron  deflections, 
probably  became &B t h e  wlng cmtinued to load up, nnztual interference 
between the wing and the aileron (fnducticm effects) tended t o  increase 
further  the 1- the w3ng. - 

Ekcept a t  aom negative -6 of a, an increase of aileron 
exbeuian at  constant  aileran deflecttan caused an increase in roll ing 
mcrmant f o r  all angles of attack and for all a i l e m  configurations 
(figs. 7, 9, 11) 

Several t e s t s  performsd with-the extended short-cbord aileron 
w e d  forward an the wfng BO the a i l e r m  midchord w o u l d  coincide with 
the 0.267~  l ine of the unewept wing showed that the aileron produced 
approxfmately the same lateral   control  characterist ics on the w3ng as 
when in the normal position  investigated (Pig. 10). . .  

The ahort-chord aileran-wfng canfiguration reported herein was 
geometrically cnmparable %o the  extensible -tip aileron  described 
in reference 10,. but  cnmparism between the results of. the t-do ~ T e s t L -  
gations w-as available for only a = Oo. Althou& larger values of C 2  
were obtained' f o r  miow af le rm extansioll~~ in the  present  case, both 
lnvestlgatians showed the same general v-aziation of rolling mamazlt with 
aileron' extensian. 

I 

C m r r p e r i n g  the t h ree  ailerons of this investigation on the basis 
of e q d  values of SJS, it can be noted that for s ~ l - a r  aileron 
deflections each of the ailerons an the unswept wing configuration 
generally produced about the 8- amount of rolling moment, except 

- at high angles of attack sere the  ahort-chord aileran did not produce 
roll ing moments as great as those produced by the largekhord or tri- 
aqpl-ar af lerms  ( f igs .  7, g, and U) . 

The yawing " b e  produced by each of the  aileron  configurations 
were generally  adverse over t he  entire a range asd became  more adverse 
w t t h  increase  in 05, a i l e r a  deflection, and/or aileran  extensi-m. The 
adverse C&Z , ra t io  was large for  a ~ .  aileran  configuratIans at large 
m&es of attack, but w a ~  lazgest f o r  the short-chord. aileron, being 
larger than 0.25. 

- .  

45' sweptback *.- AE was the case of the unewept wing, the 
rol l ing momate produced by the vasious auerans on the 45' m p t  m g  
generally  increased  wtth  acreaee in ' a (figs. 12 t o  17).  The r o u i n p  
mcanent data show a revered- of roll di rec t im at some negative angles 
of attack, as did t b e  aileran on the unswept WFng. 

Deflecting each of the ailerons effected f a i r ly  linear increases 
in rol l ing moments at all positive angles of attack for t h e   a i l e r a -  
deflection range  investigated (figs. 12, 14, a d  16) .. 'CTnft deflectfon 
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of t h e  short-chord aileron produced lazger incremental r o l l  a t  low 
angles of attack than at Ugh asglee of attack  (fig. 16). This 
phenmnon concerning the short-chord  aileran was also noted on the 
Yamwept wing confi@;uratian and m a  attributed earlier in the paper t o  
separation of flow over the aileron. 

Except a t  some negative  values of a, an increase of aileron 
extension at  constant  deflection  for each ailerm plan form caused an 
increase in roll ing moment for  all angles of attack  (figs. 13, 15, 

17) 

On the basis  of equal values o f '  Sa/S and at the same deflection, 
the short-chord  aileron produced roll- moments over the e n t h e  a 
range ccanparable to   the  rol l ing moments produced by the large-chord 
and triangular  ailerons  (figs. 13, 15, a;nd 17). 

Adverse ;pawing moments m r e  produced by the  ailerons f o r  all 
positive angles of attack, generaUy becaming more severe  with 
fncreased a (fig6. 12 t o  17). Yawing moments also became  more adverse 
with &z1 increase of aileron  deflection or  extansian. The adversa G/C2 
ra t io  amounted to as much a ~ 0 . 6  for  same aileron cmf'igurations a t  
large m e s  of attack near Lo ' 

Comparison of the unswept and aweptback wing configuratims.- 
Comparison of the Lateral-qontrol data f o r  the unswept and sweptback 
wing configurations shows that the rolling maments,.produced  by each 
of the ailerons generally exhibited ~fmil~ variations with change in 
angle of attsck,  aileron  extamion, and/or aileron  deflection. 

For any given value of CL the triangular aileron on the unswept 
wlng configuration.generd.ly produced greater  rolling maments than  the 
correspmding tri- a i l e r m  on the axeptback configuration, wheraas 
the large-chord and short-chord ailerons on the unswept WLng configu- 
ration  generally  produced'maller rolling mmn#nt s  than the corresponding 
a i l e rms  on the sweptback configurations. Emever, because the dampine 
in-roll  coefficient C2 is amaller for the sweptback w i n g  than f o r  the 
unawept wing (prhnarily because of the smaller aspect r a t io  of the  
svreptback wing (refermce 3 . )  ), the values of t he  -tip helix 
angle pb/m produced by eauk qf the a i le rms  . a n  the mptback wlng 
canfiguration were canalderably greater than the values of pb/2V 
produced by the  respective aflerdns on the unawept wing configwatian. 

P 

I 

- :  

In order t o  compare t 3e  rolling effeotiveness of the various 
ailerme,  the miatian of w i n e t i p  helix angle pb/2V with lift 
coefficient, estimated f o r  the unswept asd mptback win@; configuationa, 
3s given in figures 18 and 19,. respectively. Tabma of t h e   d a q i n e b -  
r o l l  coefffcient C used in computing pb/m were 0.27 and 0.13 for 2p - 
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the unswept a d  mptback a g  configurations, respective-, and were 
- obtained fram reference U. These values of C pertafn t o  low-speed 

.data fo r  the wing alone e ~ n d  do not accOunt f o r  k e' increase in aspect 
ratio resulting from exteding the aileron. ALL vdues  of pb/m are 
probably high since  rolling due to   s idesl ip ,  yadng, and w l n g  twist wera 
neglected. 

Ekcept f o r  the  shor%+hofi  aileron on t h e  unswept wing, for,which 
the  values of pb/2V are lox over Yne ent Ire % range, aileron 
effectiveness  available at moderate and large lift coefficients w i t h  
each of the ailerccns  investigated OIL both wlng configurations  (figs. 18 
and 19) would easily  satisfy requirements of reference .12. However, a t  
mall lift coefficients,  aileran  effectfvenese agpears to be inadequate 
for  application t o  an airplane. It is  thoug"tthat t h e  extansible 
ailerons may be sufffciently  effeotfve f o r  scrme ty-pes of mLssiles. 

Adverse yawing mcmenta producegbg the ailerons on the unawept and . 

' changes in angle of attack,  ailercm  deflection, &/or aileran extension, 

- These yawing moments were carparable t o  those produced by conventional 

aweptback colrfiguratians generally varied Fn the same manner w i t h  

but- yawing moments were generally larger f o r  the Bweptback configuratims. 

flapme ailerans. 

The rudder deflection  required. i n i  a r o l l  t o  correct  for adverse 
yawing m t s  due t o  aileron eXt;eneicm yawing momants due t o  
roll ing was computed f o r  an asfnuned airplane  uti l izing t h e  450 swept- 
back wing with triangular  t ip  ai lerons.  . !The vertfcal  tail of the 
kaumed airp7ane had 45O of mepback,  an  aspect r a t i o  of 1.0, 8311 area 
of 0.15 of the wfng area, a rudder chord of 0.25 of the  vertical-tail 
chord, and a t a i l  length of 2 .z .  Por Bweptback yax5ng moments 
due t o   r o l l  CLlp axe adverse at low llFt coefficients and favorable. 
(Cp same si= 8 s  Cz) at high lift coefficients  (reference 13) .- 
For $ = 0.15 and Q = 0.5 (fig.  Ig(b), 1/2 aileron edension) and 

~ . p  = "0.04 (reference 1.3)~ a rudaer deflection of less than loo would 
maintain a coordinated roll. A t  high l i f t  coefficfents rudder deflec- 
t ions would be FnnRll since the adverse yawing mamants due to   a i le ron  
extension axe counteracted by the.  favorable ya- moments due t o  ro l l .  

A low+peed wind--tunnel investigation, made t o  determine the 
lateral control  characteristics of extensible wing"tip  ailerons on an 
untapered s e m i ~ p ~  wing at Oo and 450 sweepback, led t o  the following 
canclusione : 
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1. Sufficient-aileron  effectivenese  wae.generaJly  obtained at 
moderate  and Ugh lift  coefficients w i t h  the  extensible  ailerons 
investigated.  However,  the control effectiveness at low lift  coef- 
ficienta appears to be  inadequate-for  satisfactory  application to 811 
airplane. It ie th6ught that  the  extansible ailerons may be &fi- 
ciantly  effective for eane tspes of mi8Bihs. 

‘2. Y a m  moments produced  by  the extensible ailerma investigated 
were c q a r a b l e  to those produced by canventiaaal flaptype ailerans. 
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(b) Triangular e x b e i b l e  aileron an wlng. 
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Figure 4.- Plain-wg aerodynmlc c h ~ t e r i s t i c e  of the mewapt wing 
configuratim for eeveral Mach numbera. 
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Figure 5 .- Plain-wing ~erOaynamic characteristics of the 45O aweptback c 

wlng ccrzlfiguratian for rreveral Mach.numbers. 
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E?Lgure 6.- Lateral cmtrol chazacterietics of u n m p t  wing with large- 
chord wlng-tip aileron at varioue deflectione, fully extended. 
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(a) 6, = bo. 

Figure 7.- Lateral  control  characteristics of unswept wlng with large- 
chord wfng-tip aileron at varioue extenelone. 



i IJlACA REii WHO4 25 

(b) 6, s . 6 0 .  

Figure 7.- Concluded. 

i 

I 

! 



26 WCA RM LgH04 

Pi- 8.- 
U 

. 

I 

- :  

I 

! 



c XACA RM LgH04 

I 

-B -4 0 4 8 42 16 20 

Figure 9.- Lateral control characteristics of Imerwept uing with 
triangulaz wing-tip aileran at various extenslane. 
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(b) Ea = 6'. 

Figure 9 .- Concluded. 
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(a) Aileron  pivoted at 0.50-chord station. 

- . Figure 10 .- Luteral control  characteristics of unswept wing wit6 small- 
chord wing-tip aileron at varioue deflectlone, fully extended. 
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An+ of  at7"ac/r', a de9 

(b) 6, = 8'. 

Figure ll I- Concluded. 
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Figure 12.- L a t e r a l  control  characterletice of 45’ eweptback YLng wlth 
large-chord wing-tip aileron at varioue deflectians, fu l ly  extended.. 
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Figure 13.- Lateral control  characterietice of 45’ sweptbeck wing wlth 
large-chord wing-tip aileron at varioue extanalms.  6, = 4’. 
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Figure 14. - Lateral colntrol characteristics of &To sveptback wing with 
triangular wing-tip aileron at  various  deflecticme, fully extended. 
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Figure 15 .- L a t e r a l  control characterietics of 45O meptback wtng with 
trfangiLar --tip aileron at  various exteneion~. 6, = 4O. 
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